The current study examined the relationship between perceived injustice and attentional bias (AB) toward pain among individuals with chronic low back pain asked to perform and appraise the pain and difficulty of a standardized set of common physical activities. A pictorial dot-probe task assessed AB toward pain stimuli (i.e., pain faces cueing pain), after which participants performed the physical tasks. Participants also rated face stimuli in terms of pain, sadness, and anger expression. As hypothesized, perceived injustice was positively associated with AB toward pain stimuli; additionally, perceived injustice and AB were both positively associated with appraisals of pain and difficulty. Counter to expectations, AB did not mediate the relationship between perceived injustice and task appraisals, suggesting that AB is insufficient to explain this relationship. Exploratory analyses indicated that participants with higher levels of perceived injustice rated stimulus faces as sadder and angrier; no such differences emerged for pain ratings. This is the first study to examine the association between perceived injustice and AB toward pain, as well as perceived injustice and in-vivo appraisals of common physical activity. Results extend existing literature and suggest that attentional and potential interpretive bias should be considered in future research.
INTRODUCTION
A growing body of research suggests that perceptions of injustice contribute to detrimental physical and psychological outcomes both among individuals with recent injury [43] and chronic pain conditions [13, 26, 31, 38] . Pain-related injustice perception has been conceptualized as a cognitive appraisal reflecting the severity and irreparability of pain-or injury-related loss, externalized blame, and unfairness [37, 38] . Outcomes associated with elevated injustice perception have included greater self-reported pain and disability [32, 37] , higher pain behavior [39] , and poorer outcomes following rehabilitation treatment [38] and surgery [55] . Elevated perceptions of injustice are likewise associated with greater self-reported depressive symptoms [26, 30, 31, 38, 39, 41] and the persistence of posttraumatic symptoms following injury [41] .
A number of mechanisms have been proposed to explain the negative impact of injustice perception. Previous studies have explored and found partial support for the role of emotional distress [37] , pain behavior [39] , and anger [31] . Recent reviews have suggested that attentional bias (AB) to pain might comprise another potential mechanism by which injustice perceptions systematically impact on pain-related outcomes [36, 38] . In the context of perceived injustice, the explanatory role of AB is supported by the positive relationship between perceived injustice and other risk factors for problematic pain outcomes, namely pain-related fear and catastrophic thinking [37, 38] ; both have been associated with AB to pain [1, 18, 45, [50] [51] [52] 56 ]. Further, the role of attention in pain outcomes is central within leading cognitive-affective models of pain (e.g., the Fear-Avoidance Model [11, 54] ) and supported by findings linking biased attention to pain to increased levels of pain severity, chronicity, and disability (e.g., [4, 33, 48] but see [5] ), potentially by promoting avoidance behaviour. For example, a recent study by Van Ryckeghem and colleagues further supported the role of attention in functional outcomes by showing that elevated levels of AB to pain strengthened the relationship between daily pain severity and distractibility from ongoing daily activity [48] . However, the role of attention in injustice-related outcomes has not yet been empirically examined. Moreover, previous studies have largely focused on the relationship of injustice with global retrospective and prospective reports of pain intensity and disability with respect to various domains of daily living [32, 51] . To date, no study has examined the impact of injustice perception on pain and disability appraisal during actual performance of everyday physical activity. Identification of mechanisms active in daily life is vital to inform the development of interventions to mitigate the impact of perceived injustice in people with chronic pain. Additionally, investigation of mechanisms linking perceived injustice to pain outcomes stands to improve theoretical understanding regarding the role of perceived injustice in pain as well as inform clinical interventions.
Accordingly, the current study examined the relationship between perceived injustice and AB for pain in a sample of individuals with chronic low back pain asked to perform common everyday activities. Participants' attention toward personally-relevant pain stimuli (i.e., faces cueing different levels of personally relevant pain) was assessed via a pictorial dot-probe methodology (e.g., [50, 53] ), followed by completion of a standardized sequence of everyday physical activities during which participants provided ratings of perceived pain and difficulty.
Extending and replicating previous research, it was hypothesized that perceived injustice would show a positive association with AB to pain-related stimuli and that perceived injustice and AB to pain would be associated with greater self-reported pain and perceived difficulty in response to physical exertion. In addition, we hypothesized that AB toward pain would mediate the relationship between participants' pain-related injustice perceptions and, respectively, ratings of M A N U S C R I P T
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Perceived Injustice and Attentional Bias 5 pain intensity and difficulty during physical task performance. Finally, exploratory analyses examined the association between injustice perception and participants' ratings of pictorial stimuli. Given the previously demonstrated association between perceived injustice, anger [31, 44] , and depression [26, 41] , participants were asked to not only rate pain but also anger and sadness of pictorial stimuli.
METHODS

Participants
Participants were recruited from the community through advertisements in local community settings, newspapers, and online classifieds. Individuals expressing interest in participation were screened by phone to determine study eligibility. Participants were included in the study if they were between the ages of 18 and 70 years old, endorsed the presence of low back pain for at least 6 months, and reported that pain significantly interfered with daily activities (Thus, participants self-identified as having chronic low back pain; this was not corroborated by official physician diagnosis). Individuals were excluded from participation if they reported co-occurring medical conditions that impacted mobility and/or if they were currently pregnant. Participants were compensated $60.00 for completion of the full study protocol. All aspects of this protocol were reviewed and approved by the University Institutional Review Board (IRB).
Measures
Perceived injustice
The Injustice Experiences Questionnaire (IEQ; [38] ) was used to assess pain-related perceptions of injustice. Participants rated the frequency with which they experienced each of 12 M A N U S C R I P T Perceived Injustice and Attentional Bias 6 pain-related thoughts on a 5-point scale, ranging from 0 (never) to 4 (all the time). Previous findings suggest that the IEQ yields two correlated factors, labeled severity/irreparability of loss and blame/unfairness. Severity/irreparability items include, "Most people don't understand how severe my condition is", and "My life will never be the same". Blame/unfairness items include, "I am suffering because of someone else's negligence", and "It all seems so unfair". The IEQ has been shown to have strong reliability and validity among individuals with persistent musculoskeletal pain [32, 38] . Cronbach's alpha for IEQ in the current study was .92, indicating good internal consistency.
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Stimulus material for the attentional bias task
The stimulus set consisted of 32 pictures of 8 adult faces (4 male and 4 female). All 32
pictures have previously been used by Vervoort and colleagues (see [50, 53] ). These pictures are taken from one-second video clips of simulated facial expressions of pain taken from a larger collection of such stimuli previously created and validated in the laboratory by Simon et al. [35] .
The stimulus set compiled by Simon et al. [35] consists of various emotional expressions simulated by 8 actors, including simulation of various levels of pain. For previous [50, 52, 53] and current study, all the pain stimuli from the Simon et al. [35] dataset were used. Specifically, eight actors were videotaped while producing facial displays of pain at four different levels -neutral facial expression (NFE), low facial expression (LFE), moderate facial expression (MFE), and high facial expression (HFE). These video clips have been reliably coded for occurrence and intensity of facial pain expression by means of the Facial Action Coding System [12] . Using the 32 selected pictures, a series of three different pairs were generated, resulting in 24 study slides. procedures have been used in prior research examining AB to pain (see e.g., [50, 52, 53] ). The validity of the present stimulus set is supported by previous findings that differential facial pain expressiveness (i.e., NFE, MFE, LFE, HFE) reflects differences in observers' pain intensity ratings such that increasing levels of facial pain expressiveness correspond with observers' increasing pain ratings. Specifically, Vervoort et al. (see also [53] ) reported that observers' pain intensity ratings, on a 0-10 Numerical Rating Scale, of high expressive pain faces (M = 7.59, SD = 1.30) were significantly higher than ratings of moderate expressive pain faces (M = 5.83, SD = 1.69). Moderate expressive pain faces were rated significantly higher in pain intensity than low expressive pain faces (M = 3.98, SD = 1.70) and low expressive pain faces were rated significantly higher in pain intensity than neutral faces (M =.75, SD = .76). These intensity ratings are comparable to those observed in the present study (see Results; Table 2 ). The stimulus set is available upon request.
Dot-probe task
Participants were seated in front of a computer at a distance of approximately 60 cm from the screen. Instructions for the dot-probe task were presented on the computer screen. To ensure that the participant understood task instructions, the experimenter briefly checked with the participant prior to task commencement. Additionally, to enhance personal salience of pain cues (i.e., observed facial pain expression), participants were informed that they would be looking at images of individuals who performed the same activities as they themselves would perform M A N U S C R I P T
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Perceived Injustice and Attentional Bias 8 following the dot-probe task. Participants were instructed that there would first be a practice phase of the dot-probe task, after which they could gain clarification on the task before proceeding to the test phase of the task.
All pictorial stimuli were presented against a black background. Each trial in the dotprobe task began with a 500 ms (millisecond) presentation of a white fixation cross in the middle of the screen. Participants were instructed to fixate their gaze on this location. Then, one picturepair (NFE-LFE; NFE-MFE; NFE-HFE) appeared and remained visible for 500 ms; each facial image in this pair was 47 mm in width and 78 mm in height; one of the pictures was presented above and one below the fixation cross with the center of the picture having a distance of 57 mm above and below (respectively) the center of the screen. Immediately after the offset of these two pictures, a small white rectangle (i.e., the probe; 0.9/1 cm) was presented at the location of one of the pictures. Participants had to indicate the probe location by pressing one of two buttons as quickly and accurately as possible on a QWERTY keyboard. The 'q' key was pressed with the left index finger when the probe was presented at the upper location and the 'p' key was pressed with the right index finger when the probe was presented at the lower location. A new trial started after a response or automatically when 2500 ms elapsed without response. When a participant responded erroneously, the term 'error' briefly appeared on the screen (200 ms). To discourage participants from attending to only one side of the display and responding to the mere presence or absence of the dot-probe, a number of trials were presented in which the target was not followed by a probe ("catch trials"). Furthermore, to ensure that participants maintained gaze at the middle of the screen, a number of digit trials were presented. During these trials, the fixation cross was followed by a randomly selected digit between one and nine for a duration of 150 ms ("digit trials"). Participants were instructed to type the number on the keyboard (see e.g.,
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Perceived Injustice and Attentional Bias 9 [48, 53] ). Pictures were presented in randomized order across trials and participants. For the test trials, the target pictures as well as the probe were presented equally often at the top or bottom position of the screen and the dot-probe was equally likely to replace either a pain face or neutral face.
In the context of the current study, congruent trials were those where the probe was presented at the same location as a face showing a pain expression. Incongruent trials were those where the probe was presented at the same location as a neutral face. Each trial type was 
Standardized physical activities and appraisals of pain intensity and perceived difficulty
Participants were asked to perform a series of three standardized activities: (1) lying down on and standing up from a bed, (2) sitting down on and standing up from a chair, and (3) lifting a crate from the ground, placing it on a table, and replacing it on the ground. Each activity was performed twice in succession. The order of movement performance did not vary across participants. The selection of these movements is modeled after De Ruddere and colleagues [8] [9] [10] and based upon previous findings indicating that these routine daily tasks require movement that is usually sufficient to increase pain and to elicit pain behaviour [25] . The experimenter provided instruction (without modeling) regarding performance of each movement (e.g. "When I M A N U S C R I P T
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Perceived Injustice and Attentional Bias 10 say go, please lift the crate from the ground and place it on the table. You can pause briefly and then put it back on the ground when you feel ready"). Participants were allowed to perform activities at self-selected speed and at self-selected intervals, taking breaks as needed. Following performance of each trial of a given activity, participants rated their experienced level of pain during activity performance as well as their perceived difficulty of performing the activity using a 0-10 NRS with the end points 'no pain/worst possible pain' and 'not at all difficult/extremely difficult'. The 6 pain intensity ratings and 6 difficulty ratings were subsequently averaged across activities, resulting in a single mean pain intensity rating and a mean perceived difficulty rating, respectively. Each rating ranged from 0-10. This approach was justified as (1) corresponding variables for the three activities were all significantly and highly intercorrelated (range .64 -.95), and (2) analyses of the effects of perceived injustice and AB upon pain and difficulty ratings indicated similar results for all activities.
Appraisal of Pictorial Stimuli
Pain intensity
At the conclusion of the experiment, participants were asked to rate each picture shown during the dot-probe task with respect to pain intensity using a 0-10 Numerical Rating Scale (NRS) with the end points 'no pain at all' and 'a lot of pain'. Pictures were presented on a computer screen using PowerPoint in identical order across participants. Participants were instructed to make written ratings of perceived pain intensity and were encouraged to proceed as fast as possible. Picture ratings were averaged for each level of facial pain display (across all images; NFE, LFE, MFE, HFE) resulting in 4 mean pain intensity ratings ranging from 0-10. differences in facial pain expressiveness of the pictures matched differences in participants' pain intensity ratings and to explore such ratings' relationship to perceived injustice.
Anger and sadness
Participants were also asked to rate the anger and sadness of each face presented during the dot probe task. As noted, inclusion of these variables allowed exploratory analyses regarding the relationship of perceived injustice with perceived anger and sadness ratings in the context of an attentional task, particularly given the personal relevance of the stimuli (i.e., participants expected to undergo the same task as individuals in the pictures). Collection of anger and sadness ratings followed the same procedure as pain intensity ratings, described above. Similar to pain intensity ratings, ratings for anger and sadness, respectively, were averaged for each level of facial pain display (NFE, LFE, MFE, HFE) resulting in 4 mean anger ratings and 4 mean sadness ratings ranging from 0-10. To control for any potential order effect, order of administration of pain, anger and sadness ratings was randomized across participants.
Procedure
Upon arrival to the lab, participants completed informed consent and measures assessing demographic information (i.e., age, gender, pain duration) as well as a measure of perceived injustice (IEQ) related to back pain. Participants were then provided instructions regarding the dot-probe task and, following successful familiarization with the protocol, left alone in the testing room to complete the dot-probe task. Next, participants were asked to perform the sequence of standardized physical activities and to provide ratings of experienced pain and perceived difficulty. Following physical task performance, participants were asked to provide ratings (pain, anger, sadness) of the 32 pictures previously observed during the dot-probe task. Means (standard deviations) and frequencies were computed for demographic variables.
Bivariate Pearson correlational analyses examined associations between study variables, including the association between perceived injustice and participants' self-reported pain intensity and perceived difficulty accompanying physical task performance.
To investigate the impact of perceived injustice upon selective attention to pain, the mean reaction times (RT) on congruent and incongruent trials for each level of facial pain display (HFE, MFE, LFE) were calculated and used as dependent variables in a 3 × 2 factorial repeated measures design with facial pain expression (HFE, MFE, LFE) and trial congruency (congruent/ incongruent) as within subject factors, and perceived injustice entered as covariate. A main effect of congruency is indicative of selective attention to pain faces, that is, when responding is faster to probes on congruent trials (when the probe is presented at the same spatial location as the pain face) than to probes on incongruent trials (when the probe is presented at a different spatial location than the pain face). A main effect of the intensity of facial pain expressiveness is indicative of task interference, reflected by slowing down of responses on both congruent and incongruent trials as threat value increases (i.e., increasing facial pain expressiveness). An interaction effect between congruency and facial pain expressiveness indicates that selective attention to pain faces depends upon the level of facial pain expressiveness and allows further examination of whether AB in relation to perceived injustice is moderated by varying levels of pain expressiveness. Examination of moderation effects of facial pain expressiveness is in line with previous research [see e.g., 50,52] and followed procedures outlined by Holmbeck et al. [17] . Specifically, additional repeated measures ANOVAs were performed for low (-1SD below the mean), and high (+1SD above the mean) values of the centred moderator variable (i.e., and/or facial pain expression were significant. Whenever the sphericity assumption was violated (Mauchly's test of sphericity was p < .05), Greenhouse-Geisser corrections (with adjusted degrees of freedom, or NDf) were performed. Since a significant association of AB with perceived injustice as well as the outcome measures is a necessary prerequisite for mediation analysis (see [17] ), additional correlational analyses were run to examine the association between resulting AB indices and outcome measures (i.e., ratings of pain and perceived difficulty following physical task performance).
Given that conditions for mediation were met (see below), we used a bootstrapping method to investigate whether the association between perceived injustice and ratings of pain and difficulty was mediated by AB to pain. In particular, we used a bootstrapping method (i.e., a non-parametric resampling procedure with 5000 bootstrap resamples and 95% bias-corrected bootstrapped confidence intervals) following the procedure described by Preacher & Hayes [23] . 
RESULTS
Data preparation
Five participants were discarded from analyses due to sub-optimal dot-probe task performance (i.e., less than 80% of the trials correct; e.g., [49] ). Additionally, two participants were missing IEQ responses. Analyses are based upon the remaining final sample of 53 participants. Participants who were discarded did not differ from those who entered the analyses in terms of age or any of the other measures (all t ≤ 1.26, ns), except for experienced pain and perceived difficulty which were both higher among those excluded (both t ≥ 3.9, p <.0001). For the AB analyses, trials with errors were discarded from the final sample for further analyses.
Mean percentage of dot-probe errors made by participants was 2.67%. In addition, RTs shorter than 200ms or longer than 2000ms were discarded, as these can be considered outliers. Probe detection latencies that were three standard deviations above or below the individual mean latency time were also excluded from statistical analyses [20, 50] . Errors and outliers were evenly distributed across different trial types. The mean percentage of outliers per participant was 4.17%. Statistical analyses were run on 94.5% of the data.
Participant characteristics
Means, standard deviations and Pearson correlations between study measures are shown in Hispanic, and 3 indicated multiple ethnic backgrounds. Participants' reported levels of perceived injustice (M=21.91; SD=13.08) were comparable to mean levels obtained in other chronic pain samples (see, e.g., [32, 38] ). Male and female participants did not differ significantly on any study variables listed in Table 1 . Forty-nine participants were able to describe the etiology of their pain complaint. Of these, the majority reported pain originating from a car accident (N=13) or lifting/moving heavy objects (N=13); 8 reported sustaining injury outside these categories (e.g., sports, falling); 4
reported that pain began with excessive use of their back; 2 reported that pain was secondary to another condition (e.g., scoliosis); 9 individuals indicated that their pain had no specific trigger. 
Correlational analyses
Of particular importance to the current study (as prerequisite for mediation analysis), bivariate correlations indicated that perceived injustice was significantly positively associated with reports of experienced pain and perceived difficulty following physical task performance, with participants reporting higher perceived injustice reporting greater pain experience and r=.27, both p<.05, respectively). Finally, participants' pain and perceived difficulty ratings following task performance were highly positively interrelated (r=.98; p<.01).
Attentional bias to pain: The explanatory value of perceived injustice Mean RTs for different trial types are presented in Table 3 p<.0001). Differences between ratings were in the expected direction (see Table 2 ). Specifically, contrasts revealed that high expressive pain faces were rated significantly higher in terms of pain intensity than moderately expressive pain faces, moderately expressive pain faces were rated significantly higher than low expressive pain faces, and low expressive pain faces were rated significantly higher than neutral faces. No main or interaction effects were observed for participants' level of perceived injustice (both F <1.34, ns).
Repeated measures ANOVAs with anger and sadness ratings, respectively, indicated significant differences between varying levels of facial expressiveness, with greater pain expressiveness perceived as indicative of greater levels of anger (F(3.49)=57.20, p<.0001) and sadness (F(3.49)=33.64, p<.0001; see Table 2 ). No interaction effects were observed with participants' level of perceived injustice (both F <.44, ns). However, in contrast to pain intensity analyses (which showed no relationship with perceived injustice), participants' level of perceived injustice was significantly associated with both anger ratings (F(1.51)=6. 32, p<.05) and sadness ratings (F(1.51)=13.04, p<.0001), indicating that higher levels of perceived injustice were associated with greater perception of anger and sadness in faces characterized as relevant for future personal pain experience.
DISCUSSION
The present study investigated the relationship between perceived injustice and attentional bias (AB) toward pain in a sample of individuals with chronic low back pain asked to perform a series of common everyday activities. We hypothesized that (1) perceived injustice would be positively associated with AB to pain, (2) both perceived injustice and AB would be associated with greater self-reported pain and perceived difficulty in response to task M A N U S C R I P T Perceived Injustice and Attentional Bias 19 performance, and (3) that AB would mediate the relationship between participants' perception of pain-related injustice and both pain intensity and difficulty appraisals. Results partially supported our hypotheses and can be summarized as follows. First, as expected, results indicated that perceived injustice was associated with greater AB to pain and higher ratings of pain experience and perceived difficulty following physical task performance. AB was likewise positively associated with pain and difficulty appraisals. However, counter to expectations, we found no support for the mediating role of AB to pain. As a final aim, exploratory analysis yielded interesting findings regarding the association between injustice perception and participants' appraisal of pictorial pain stimuli (i.e., faces presented during the dot probe task); specifically, participants who endorsed higher levels of perceived injustice rated faces as sadder and angrier.
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Our findings contribute to the literature in several ways. To our knowledge, the current study represents the first investigation of the relationship between injustice perception and AB to pain. Accordingly, our findings extend the growing body of research regarding known correlates of perceived injustice. Given the previously demonstrated associations between perceived injustice and variables associated with pain and disability (including pain catastrophizing and pain-related fear [26, 38, 39, 41] ), this finding is perhaps not surprising, as these constructs/cognitions also show association with AB (e.g., [1, 18, 45, 56] ). Although this was not directly assessed in the current study, it is important to note that previous research acknowledges some overlap between perceived injustice and pain catastrophizing [38] ; however, perceived injustice has been conceptualized (and supported) as a distinct construct reflecting elements of blame and anger, which are not captured by pain catastrophizing [29, 38, 55] . Further, the association between anger and perceived injustice may be reflected in our exploratory findings of pictorial stimuli.
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Perceived Injustice and Attentional Bias 20 As noted, AB to pain has been proposed as a possible mechanism by which perceived injustice exerts its negative impact on physical and psychological outcomes across a number of pain conditions [31, 38] . However, findings indicated that AB did not mediate this relationship. A likely explanation for this finding is that perceived injustice represents a stronger predictor of pain and difficulty appraisals than does AB. However, the absence of a mediating role for AB could also be due to its operationalization. Indeed, reaction time tasks (i.e., based upon the registration of manual response latencies) are often found to be less reliable and more prone to noise [6, 46] . Furthermore, the dot-probe paradigm employed in the current study assessed AB for pain at one particular moment in time (500ms). AB assessed at earlier or later stages in time, may have shown a stronger relationship with pain and difficulty appraisals (e.g., [21] ) However, this explanation is tentative; future research using other methodologies to assess AB is warranted. Tracking participants eye movement while viewing another's pain expression might be particularly relevant as this would provide a more direct and continuous index of attentional processing, hence allowing to more precisely study the temporal dynamics of observer's attentional biases [52] . Second, it is possible that AB -while a relevant contributor -may not solely explain the association between perceived injustice and negative outcomes. Given the association between perceived injustice and pictorial ratings of sadness and anger (discussed below) a possible explanation for this non-significant finding may be that attention to cues of anger and sadness -rather than or in addition to pain per se -may be more salient. Indeed, a recent eye-tracking study [24] found that fear of pain (previously found to be associated with perceived injustice; [38, 41] ) tended to increase attentional preference to faces displaying anger.
However, the role of AB to specific affect is of course speculative and must be examined in further research. Last, it is also possible that the strength of relationship between AB and pain is M A N U S C R I P T
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Perceived Injustice and Attentional Bias 21 dependent upon the context in which AB is assessed. This reasoning is in line with previous research showing that AB, and its effects, is dependent upon the context in which it is assessed [28] . AB may than be found to be only a mediator in the context of high anger or sadness. Yet, again, further research is necessary to address this explanation.
To date, previous studies have largely assessed the association between perceived injustice and general reports of pain and disability (e.g., [31, 38, 41 , but see [5] ). The current study is the first to examine the association between perceived injustice and in-vivo appraisals of pain and difficulty in response to common physical tasks (or in a sample composed exclusively of individuals with chronic low back pain). As noted, these tasks were modeled after an established paradigm [8] [9] [10] and purposefully chosen to extend the ecological validity of existing studies.
Accordingly, the demonstrated association between perceived injustice and appraisals of common everyday activity represents an extension of existing literature, suggesting that elevated perceptions of injustice may have an everyday --and potentially reinforcing --impact upon pain and disability of individuals with chronic pain. Such daily/continual reinforcement may, in turn, contribute to the reported difficulty of altering injustice perceptions via standard multidisciplinary rehabilitation programs [38] . Incorporating forgiveness interventions or ACTbased strategies have been suggested as potentially relevant in this regard [22] .
In the same vein, very few studies have examined the impact of attention to pain upon everyday life tasks of those with chronic pain (e.g., [27, 48] ). Indeed, research on AB to pain has mainly focused on its role in healthy participants and experimental pain tasks (e.g., the coldpressor paradigm [42, 49] ). In this way, the current findings corroborate demonstrated associations between AB to pain and reported pain and disability among individuals with chronic pain [4, 33, 48] . Collectively, such findings suggest that AB toward pain may contribute to greater M A N U S C R I P T Perceived Injustice and Attentional Bias 22 pain/difficulty appraisals of everyday physical activity, and may ultimately contribute to greater disability. Accordingly, these findings further attest to the critical role of modifying attention to pain within clinical interventions or its underlying cognitions that fuel AB for pain [34, 47] .
To our knowledge this is also the first study to identify an association between perceived injustice and ratings of pictorial pain stimuli. Although exploratory, positive associations between injustice perception and ratings of sadness and anger (as perceived in faces) reflect existing literature. For example, given the strong association between injustice perception and catastrophizing, the findings are in line with interpretive biases demonstrated by high catastrophizers as seeing others in more pain [14, 40, 51] . However, in contrast to these studies, no association was observed between perceived injustice and pain intensity ratings; the effect was confined to ratings of anger and sadness. With respect to ratings of sadness, the association between perceived injustice and depression is well documented [26, 30, 31, 38, 39, 41] . Further, a recent study by Scott and colleagues pointed to the association of perceived injustice with various indices of anger [31] . More importantly, Scott et al. found that anger mediated the relationship between perceived injustice and reported pain and depression suggesting that anger perceptions may play a particularly important role in injustice outcomes [31] .
As noted, these observed associations are difficult to interpret; the faces presented were primed to be personally relevant, thus it is possible that participants' ratings of anger and sadness reflected their own affect. Conversely, it is possible that higher injustice perceptions may contribute to greater interpretation of anger and sadness in the social environment; this may in turn stress social interactions/relationships that can already be challenging for individuals with chronic pain [2, 3, 19] . Again, such speculation must be tested empirically.
Limitations
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Several limitations of the current study must be noted and potentially inform future research. First, the pictures used in the dot-probe are of people who posed pain expressions which may slightly differ from genuine expressions of pain [16] . Although this may have affected our findings, pain ratings indicated that faces were perceived as neutral, in low pain, moderate pain, and high pain as intended. Second, given the associations between perceived injustice and affect ratings, it is possible that our results may have inadvertently tapped into participants' attention to sadness and anger. As noted, this can be examined using experimental paradigms (such as eye-tracking) specifically utilizing such stimuli. Third, although the current study examined appraisal of everyday physical activity, assessment of pain and difficulty may have been limited; future studies should consider examining additional dimensions such as pain behavior or persistence in a pain-generating activity. Finally, the lab-based nature of the current findings limit their generalizability; more ecologically-valid longitudinal designs are needed (e.g., momentary assessment, e.g., [48] ).
Despite the above limitations, the current study contributes to the limited literature on the interface between perceived injustice, AB to pain, and in-vivo appraisals of physical activity.
Further, our findings offer preliminary data regarding potential interpretative bias among individuals with higher injustice perceptions and suggest that this is a fruitful line of research that may be examined across a number of pain populations. • Measures of perceived injustice, attentional bias and appraisals of common physical activities were assessed among individuals with chronic low back pain • Perceived injustice was positively associated with attention bias to pain • Both perceived injustice and AB were positively associated with appraisals of pain and difficulty. • AB did not mediate the relationship between perceived injustice and task appraisals
